Summary. Chloramphenicol, at concentrations of 500 pg/ml, had a marked inhibitory effect on mitoses in human fibroblasts. Metaphase and G2 appeared to be particularly sensitive to the action of the drug. With concentrations of 1000 ,ug/ml, or with 500 ,g/ml after prolonged exposure, the cells did not reach G2 and no mitoses were seen. The drug required several hours to produce its effect. Studies of oxygen uptake showed no immediate reduction in the respiratory activity of cells at concentrations of 500 ,ug/ml or 1000 Hg/ml but cells which had been in contact with 500 ,tg/ml of drug for 24 hours showed a marked reduction in respiratory activity. Since the primary effect ofchloramphenicol is arrest ofmitochondrial protein synthesis, it is concluded that continued synthesis of mitochondrial proteins in the maintenance of the respiratory chain are prerequisites for normal cell division in fibroblasts.
Chloramphenicol is a causative agent of bone marrow dysfunction, which in severe cases leads to aplastic anaemia (Pisciotta, 1971) . At the cellular level, the primary effect of the drug is to arrest the synthesis of mitochondrial protein by reacting with the mitochondrial ribosome (Grivell, Reijnders, and de Vries, 1971) . At high concentrations it has been claimed that chloramphenicol may also inhibit oxidative phosphorylation and electron transport. Blockage of mitochondrial protein synthesis inhibits the formation of active cytochrome oxidase (Kroon and Jansen, 1968) and it is thought that as cells divide there will be a progressive loss of functional mitochondria, which in turn will affect ATP dependent processes, including cell maturation (cf, Kroon and Arendzen, 1972) . The question arises as to the rate of loss of functional mitochondria when replacement of the respiratory chain is precluded and attempts have been made to assess this in animals (Kroon, Gijzel, and Nijhoff, 1972) .
In the experiments reported here, the effects of mitochondrial inhibition by chloramphenicol in cultures of human fibroblasts have been studied throughout the cell cycle with respect to nuclear DNA synthesis and mitosis. The results have been compared with those obtained with chlorimipramine, a direct inhibitor of mitochondrial function Received 29 March 1974. (Wilkie and Delhanty, 1970; Mittwoch and Wilkie, 1971) . Materials 
and methods
Cell culture. Diploid human fibroblasts were derived from skin biopsies from four normal adults (two males and two females) using standard techniques (Hamden, 1960) Experiments were carried out as follows. Experiment 1. Chloramphenicol was added 21 hours after plating at concentrations of 10,100, and 1000 ,tg/ml, respectively (see Tables I and II) .
Experiment 2. 500 ,tg/ml of chloramphenicol was added at the time of plating, 4 hours after plating, and 19 hours after plating, respectively (see Tables III and IV) . Experiment 3. 500 ,ug/ml of chloramphenicol was added 26 hours after plating (see Tables V and VI) . Experiment 4. Chlorimipramine was added 17 hours after plating at concentrations of 5, 10, and 15 ytg/ml, respectively (see Tables VII and VIII (Mittwoch and Wilkie, 1971 11-12 passages. In the experiment involving a 24-hour pretreatment with chloramphenicol the drug was included in both trypsin and Hank's solutions. Cells were introduced into the electrode well which contained 1 ml Hank's solution. Chloramphenicol was added in aqueous solution. To arrest respiratory activity, 0-01 ml of 0 1% potassium cyanide solution was added.
Results DNA synthesis and mitosis. The effect of the drug is clearly dependent both on concentration and on the length of time during which the cells are exposed to it. It will be seen from Table I that 500 [kg/ml of chloramphenicol after 15 hours' exposure caused a marked depression in the number of mitoses; in addition, the proportion of metaphases relative to other mitotic stages was significantly increased. The data suggest that an increase in metaphase index occurred also with lower doses of the drug. The data further suggest that the relative increase in metaphases is due to a shortage of prophases as well as one of ana-and telophases. The shortage of prophases in cultures treated with 500 ,ug/ml of drug is reflected in a high proportion of interphase cells in the G2 phase of the mitotic cycle (Table II) . It seems, therefore, that at this concentration, chloramphenicol arrests cells in G2 after the completion of DNA synthesis; while those cells which enter mitosis may be further arrested in metaphase.
At the still higher dose of 1000 ,ug/ml, DNA synthesis had not been completed (Table II) and there were no mitoses (Table I) at the end of the experiment.
When cells were plated in the presence of 500 jig/ml of chloramphenicol, they became attached to the cover slips but there were no mitoses (Table III) nor was there any evidence of DNA synthesis (Table IV) . The same result was obtained when the drug was added 4 hours after plating. When the drug was added 21 hours after plating, the results were similar to those shown in Tables I and II (Stone and Wilkie, 1974) . Discussion These results provide conclusive evidence that chloramphenicol acts as a mitotic inhibitor in human fibroblasts. Although the most striking effects were obtained with concentrations of 500 ,ug/ml and above, the results shown in Table I do not preclude the possibility of some mitotic inhibition with 100 ,ug/ml of drug or even less. Mitotic metaphase and the G2 phase preceding mitosis seem to be the two stages which are most sensitive to the drug. Clearly, an arrest of cells in metaphase could tend to increase the mitotic index, while an arrest in G2 would decrease it.
Chlorimipramine also arrests cells in metaphase, but an accumulation of cells in G2 could not be detected with this drug. These findings are in agreement with previous results (Wilkie and Delhanty, 1970; Mittwoch and Wilkie, 1971) . Chlorimipramine has a direct effect on oxygen uptake and it would seem that if enough energy is available for DNA synthesis, the cells are able to proceed through G2 until metaphase. By contrast, chloramphenicol affects cellular respiration indirectly.
The fact that no direct effect on oxygen uptake was seen with high concentrations of chloramphenicol indicates that the mitotic inhibition results from arrest of mitochondrial protein synthesis. Since cells treated with chloramphenicol for a long time show a reduced respiratory activity, it seems that synthesis of the respiratory chain is a prerequisite for normal cell division in fibroblasts.
An arrest of cells in metaphase is known to occur from the action of a variety of agents, including colchicine (Hughes, 1952) , barbiturates (Caratzali and Roman, 1969) , and vinblastine (Baserga, 1969) . Other agents, including cycloheximide and mengovirus have been reported to block G2. Recent results by Paton, Silver, and Allison (1974) suggest that a delay in G2 is also seen in fibroblasts from patients with Down's syndrome. This finding is of interest in view of the known association between Down's syndrome and leukaemia. Although the relationship between cause and effect is not understood either in the case of chromosome abnormalities and malignancies nor in toxic drug reactions such as bone marrow dysfunction resulting from the use of chloramphenicol, it seems likely that an undue prolongation of the time taken to complete the mitotic cycle in rapidly growing tissues would interfere with the normal rate of cell proliferation and also lead to imperfect cellular differentiation.
